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;hp Introguction:
Y - 4
j{ 8 The organophesphates are an impsrtant clase of corpounds routinely
,kbz employed as pesticiges and chemicai weapons. We have investigated the
! effects of an orgasnophosphate, diisopropylfluorophosphate (DFF) ancd cne of
its hydrolysis products, fiuoride 1on, on various bicchemical and
)ﬁ: physioclogical parameters in ocular tissues. The data obtained show that
ﬁfﬁ both DFP and fluoride alter various enzymatic and physiclogical functicns
&& in cultured cells, the isolated retina, and rcd outer segment membranes.
‘ﬁd‘ While a number of the studies perforamed are preliminary, the gata are
Wy sufficiently interestirg to demand +further invastigation. The dats
cbtained in this project reveal that both DFF and fluoride may alter
lﬁg grular biochemistry and physiology through other than <class:ical
:| acetylcholinesterase mechanisms.
{J; we have agproached the probiem of DFF effects on the eys in savera:
e, ways: t) Dcse respcnse curves for DFP inhibiticn of celluler synthesis of
IN& was studied in three differsnt cell types. I) tlectroretinagraas
Qq {ERG s}  were recorded from 1isolated retinas of Bufo marinue during
h& cuperfusion with the compound. 3) Intracelluiar recordings w2re made from
ﬁ% rod photoreceptars in isglated retinas while superfusing with NaF. 4)The
¢~ eifects of flucride on the protein-protein interactions and the enzymology
e 3¢ the cyclic nucleotide cascade of rad outer segments were studisd. 5
{' OFF binding to rod outer segment and retinal proteins was ctserved.
e In addition we have lookzd at the transport of LFF across the cornea.
g
) Methcos:
)
pl Tnhibiticn of DNA synthesis:
o, for ail studiez of the inhit:ticn of DNA synthesis wa ussd cellzs piated in
lﬁ{ 24 wgzl p%a:es at 3 IEVgl ot 1.5_ x 10 44, Qf@er treztoent wl@ﬁ th
& inhikitor 40r wvariogus periocs of time and at difters=nt concentrations,
: tritiated thvmidine woulc then be added to the ceils. After (2 hours the
ﬁ, cels were +ixed in S% TCA. Thev were then washed S time:z and the cell
than Jissc.ove in . SM NzOH. This mater:ai was then counted 1r a
o scintillation counter.
s . |
g§ Electreoretinograms:
?& All procedurss were performed r cin rec l.iumraticn or in cospli=te
- carkaess. Zufo marinus wers azapted 12-18 hcurz bersre zacrifice.
A‘ter sacrif:ce, the eya wac gea fros the animal, hesizectesc zaad
:-{ piaced im a small Fetry dich = 1ng cxwgerated Ringsr s sclution fill
Y &1 Nali, 2.5 aM tCil, O.85s a¥ . v s.0 &M M3CL , T, aM hEFEZ, S.o af
:I glucose, and adjustsd to oH 7.2 with IN NzOH). The ret.na was cizsecte:
¢ away +rom the pigment 2pithei:ur and piaced receptor side up on a piece o«
- filter opaper. The r=tina was mcunted 15 a sloped perfusicn chamter. The
%T recocraing electrode was 3 glass pipette filled witn nirnger’s anz &gar,
4‘ that was mounted on a micromanipulateor ano placed 1n contact witn the
Y retina. The reference electrcde wac a loop o+ cnlorided silver wire that
EZ was placed on the flocr of the perfus.on chamber below the f1lter daper
ﬂ anG retina. Signals 4ram bcth inputs were fed differerntia..y 1ntd a:'ﬁg & (AFSC
e amplifi1er and reccrded with a Gould ’Erusm&,”g&gffﬁgytcimgrgcgnxr;ttﬂﬁik&éyv1(ﬂf ©)
X stimulated with full $ieid riashes - ;f!QT{ggtgkggqujqf;$?XTTCEE:onc
u i +k'-‘r»*‘r'ic:\1 repont nus hoon e cved and 18
’i'. Juls tcuintc. b1 i welenme TAW AT 182-12.
e ~pprovedfov?9 S A
.,': ; ntagpdbuaticon 5 unlimilod.
V! YATTHEN J. KERPIR Laton
chi.g,:.ohnloallnformationDiv 3
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DFP in the Eye : -

(28]

duraticn. The +flacshes were attenuateg with approapriate neutral density
filters. The frepar tion was superfusec with either normz! Ringer’'s or S
mM aspartate Ringer's to black neurotransmission from the photorecepzor to
second order cells. After mounting and starting perfusion, the rstinas
were allowed to equilibrate for 30 minutes in darkness. Taest sclutions
contained 1 cr 4 oM DFP.

Intracellular Recordings:
All procedures were performed with dixm red light or with infrared image
cocnversion. Animals (Bufg marinus) were dark acapted over night (1Z-18
hoursi. Atter sacrifice, the eyes were excised and the retinas were
peeled +rese of the pigmented epitheliun. The retina was mounta2d and
superfused in a sxall c¢ish on the stage of an inverted microscope. The
Ringer's solution was identical to the normal Ringeer’'s solution descrides
above. The test Ringer’'s contained | or 10 mM NaF., Full field fiashecs ot
S0¢ nmn light of 0.! sgecond duration were presented. Attenuztion was
accompl:cshed through the use of neutral dansity filters.

DFP Bindirng Studies:

Retinas werz incubatad with tritium iabelisd OFF (20 uli/retinay 10 uk
DFF}  1n  amph:ibian Ringer’'s colution {as above: fu S hours. After tha
inzubaticn pszriod, the ra2tinz was. gentiy washed with normal Ringer's
solution until no detectablie radicactivity appeared 1in the wash.
Lzbeiling with H -DFF was also pe'form=d after & JU minute oreincubation
with the hydroiysis resistant acetylcholinesterase inhibitcr, bethanecoi.
Fcilowing he wach, rcd outer czgments were separztad from the rest of the
retina {asz dsscribed celcowi. The radizactivity 1n the RGOS fraction and
the peliest were determined by l:iguid scaintiliation counting., Aligqucts c*
gach fracticn WETE sgludilized in Z% 855 and anaiysed cn  iZ.
pslvacry:amide gels. Atter cstaining, the geis were sliced, disscived 1n
3C¢4 #H 0 and tnen subjected to liguid scintillation count:ing.

REgc Cuter Segment Biochemictry:

“ragaration 2¢ RCS - Fatinze were dissected <rom dark adaptec (12-1%
hcurs: Bufo marirus. The retinas were vorteved in 40% sucroge containing
L9 M Tris qpH 7.3), 1 oaM M3lt , and S &M D77 {(fuffer A} and gveriayer~sc
with additicna: Busfer A4, The RZE narvestea from the sucrcss tuffer
intertace wre 'EEuSQEﬂjEd in tusfer A (& volules and pei.sted at 40,000
gi. The pei.et was resuspenced ia Buffer A (25 uL psr retinal ang #i1:ust
remavac diszoived in Emuighogene BC-720 anag the rhodopsin abzaration
SDECtrum recordez befcr2 and efter cleaching. Thz rhodopsin cencentration
Wwas ca.culatec wuszing 40.6 0 W c fmocr2  as  the molar e-t.inctica
coefficient.

Relezse of ©oTF Binzing Frotein - We assescsed the asscziaticn 64 tr
Binding Frote2i1n (GEP) with bSoth +btleached and dark agapted RIS
mcnitoring the appearance of the GBP into sciution aft incusation ©

KR0S membranes (29-30 uM rhoocpsing 160 ul reaction volune witn
guanyl nuclectide 4olliowed by centrifugaticn. At the end of
in¢ubation time, the membranes were centrifugec at 12,000 % g ¢
minutes. Trte supernatant <coclutione were recentrifugeg uncer tnz
ccrcit.cns  fsr an  agcrtional I minutes tc ramove any traces cf 305
menbraes. Aiiaucts were removed 1n S[S sampie hufser (20 203 witn o.1 anN

. .,....‘--.......—..,....?

........................__1.

._—___4 |

'ty Codes

J'dlér
Jecial

e ° SIS U0 N R T T T P > ™
] | D)

.ﬂ "1' 5,

BRI LN,

IS R e I Y




W Ak i ad Bad i S WY T WM I ENT I T WL  WIT W U W W W S W Y S ST W T Y e . L R e e IR D -,_,1

DFF in the Eye -3

oTv. Samples were neated *a 90eC. <for S minute:z :=nd schiected to
2lectrophoresis orn 1Z.5% or 8-20% SDE gels. Gels or gel pncotograchs were
-.zanec with a  Ghinadau ;a_truments gcanning densitometer and pear areas

ware deterained with a Shimadzu Cl-A Integrator.

Trypsin Proteolysis ot GBP - ROS membranes were orzpared 2s above and then
washed 3 tize in the dark with Euifer 4. The membranes were then split
into 3 aiiquots. One aliquot was washed three times in the dark with
Sutfer 4 containing 2.5 mM KF. The remaining 2 aliquots were bleached and
washec threze times with GTP and GTPyS respect:vely. Aligucsts of ezch GBF
preparation ccocntaining approximately 10 uf of BGF were incubated with
trypsin  {7,0 or 14.0 uB/ml, fi1nal concentration). At appropriate tizes,
the orcteolysis was etopped by the addition ef sxcess soybean trypsin
inhibitor. After the additian of 3% SDS sample buffer, the samples were
anzlysed cn 2.5 or 14% polvacrylamide gels.

-|

washing oo

Phosphodiestsraze Activity =~ To assess tne effects k
S nes (prepares

ct
nhosiesteraze (FOE) activity, RGOS memor

meabrane hbeourc 9ohs ra

ag above! wersz washec 4 times 1rn the dark with Buffer A containing 2.5 mM
KF or #ll. Tne membranes were diiluted to a final rnodepsin cencentration
¢ 1-i0 uM 40¢ oL rezction voluse) and aszayed ir the light for cyclic

GMFP hydrclysis.

Te determine the effect of «F i1ncubation on PDE activity, ROS msabrares
were preincubated (in the dark) or bieached and pre:incubzted in the ilignt
ter & minutes with kS or BGTFyS in 125 &M €21, t aM MgoCt , 5 mM DTT ang 2.5
mM  Tris (pd E.0). At tne end of the preincuebation pericd, S5 mM cycliz 5MP-
w&s agzed and the rate of srotan evoluticn was moritored using a oH
glacircoz whysa gcutput was fec 1ntc a voltage fcilower and zmplifier ang
reccrdged an a Mode! 2I¢ Brusm Fecorder.

Corneal pena2tration study:

getermine o0 rate 2and amcunt of genetrzticn of the cornza, Raba:t
forneas were mounted 1n a cthamber sc that it was gossipie to moniter tn2
amount ot rad:cactive DFP that wae tr-ansportsc through thz corzes witn
tima, The corneas wers :n 2 stasdard ratsit Ringerce sslution The cesign
of the chambear w2z such that cnly the correa was supceed to the szluticr,
Reszuits:
DNA synthesis 1nhi21tion 5y IFP:
W
:; A d:cse response curve for Ji1:zssra0vifilcrzonosphate WIFF 1an.iityon
! x of cellular sysnthesis 0f DN3 was stuziel 1n +three Jifferent cell types.
". As sg2n in figures ! a~d I, the lcse response fsor DFF 1n the presence of
,“; ' Si tetal calf s=rum 13 tne sars +f5r Na:ar2 mouce .ens ep.trel:al cellz eor
:*) trancforred retina ceils grcaingd .0 Tissue cuiture. JFF shewed nait
;qg ma:imal inhibiticn at 4:0 mM for the trarsformed retina and .0 ai for the
: , lens ceils. In studiec witn I77 éikroslasts, 75% 1nhibiticn cccured at
o 2.3 mit OFP (see Figure i, Tae mcst c-anztiz anhicitian, however,
b accurred wher the anticots Z-FA4M was aidsc to the Zuitur2 megiun witrn
A 2FF. Flgure 5 shows 4hat ccocrncz-traticne of Z-F4M zs low 33 J.uwd 3Y tauzed
;2 an  1ncreass 1n the Lrnibitory efdfest of DFF, 0 TRis co-trazted eirongly
O with the stiruiatory esffects on DNA z,ntnesis chesrves (FigLre 40 woen
+5
)
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i 2-FAM was added without DFF at (.4 and v,04 mM. With 373 cells, however,
ﬁaf a very different result was obtaired (figure 3B). Z2-FAM addec alone

- showed nro ctimulaticn and was inhibitory at 4 aM (it was not inhibitory
e with lens epithelial cells at 4 aM). I[n addition, concentrations of 2-FANM
’% as low as 0.004 aM 1ncreased the inhibition of DFP on DNA synthesis.

&§1 Wwe then determined if the inhititicon by DFP was a result of the action
?39 ct f}uoride' generatsd by DFF hydrglysxs. The dose respcensa curve for
) fluaride (Figure 5) showed that the inhibitory effect wac hzlf maximum at
o about 0.8 mM for cslils stimglated With fetal caif serum or retinoblastora
;dv derived grewth factor  (RDGF). This cata suggested that the relaase of
.u: fiuoride by ©DFP might be the cauce of the inhibitory effect on DKA
ﬁ% synthesis. With this in =mind, we preincubated CFP with 2-PAM bafore
fﬁb adding it 1into the ceils (Figure b6). This was done because we suspected
o that 2-PAM amight have reacting with the DFP causing the release of free
Lt ) tluoride ions. It appears fronm the resulte in Filgure & that preincubaticon
|¢ﬁ has a smail effect. Thz oreincubation time for this exoeriment was 7
’Qh hours and the concentraticn DrP and 2-FAM was ten times that found in the
}ﬁ} media over the «cells, From the results it 1s appzrent that the reacticon
2:' time between [FF and 2-FAM aust bte slow reiative to thz time feor
}F* initiation ¥ DNA synthesis, +fzr 2-FP4M to have an 2ffect. For this to
ﬂf_ «ork, flueride must ©se zble to inhibit later in the celi cycle. #Ac seaen
B 1n figure 7, this appears tc be possible because fiuoride {alomel has an
géfect after 19 hcours, while there is .ittle ditference between LFF aione
He or added wi.th Z-FAM atter 19 hours. However, Figure 7 also showe that
[ thkere 1s an inhibitory affect of LFP after only cre hour of adcditien, iS5
W hours after the initizticn o¢ DNA synthesis. To check this effect, [FP
. vas  agded oy 1tselt at z:ifferent periode of tise after tne start of the
" cell  through the c=2ii cvole. It can pe sesr in Figure & that trere ig &
?2 razpid etfect ot BFF that oc:zurs after | hour out remains the same ftor 6
o hsurs. i+ DFP 15 agreszent <or a lorger time, an ads:tionzl irninition
b ; DECurs, These resu:ts are consistent with the oguick eftact resultisg from
W, JFF by iteeit, ang the longer time effect resuiting from tiuoride rsleacsed
i ty tre hydroiysis of IDFF.
6
§z' Eisctroretincgrans:
)
b
ﬁgﬁ Superfusiarn ot the isc.afed toac reftine witn Fingesr’'s sciutian
RH cantainiag BF® (1 or 4 mMi resulte in striiing changes in the & and b-
waves 3f the £3B. rFigare 9 stows intsnzity resgponse curves of tne a2-wase,
> Lage befcre, Juring. and after the applicaticrn of DFF. There 1g 3
‘ 3 n:t.:ga:le st¢riking dec.ine 1% the ampliiudes c©f  the rezpanses a2t ozl
. 2T12dius  1nTEnsrtlies  after exgosure tg OFF. Figure 10 ehows the kinstics
g:} 3% trnz decline 1n rezzonce anplituce tt a constant 1rteneity Itifuius 10
L.: Finger’s coiution containing S mM Na zsgartzte (to cloc! respenzes frew
;Jj sgeconc order celist, Thue, 1t appezars that DFF alters the ghysioiogy of
1 the recenturs. Fiju-e 11 zhows the changss in fg-wave 1ntensity response
.,2 suncticne after eugosure to DFF, There 15 anp 1n:t13. 1ngr2ase 1in
bgh amplitude foilowed by 2 subsecuent decline.
1
QJQ Intracellular Recording:
:k; irtracelluler recordings cf  transmecbrane Joltags were mace from roas
f > 3f retinas suserfusel with Firger’s soluticn contairirg sither L oor L0 &
§ i NaF. w1 #1 NaF regligibvie alterazicrs 1n th2 aerkra-e potertizi and no
Ly 18 )
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" ‘
QO
> n‘-‘n‘,‘o‘:‘lk‘ﬂ.‘a'



Y
':'Q"
HY
;F‘ DFF in the Eye -5-
0
:%; charnges were observed in light induced re=sponses. At 10 mM NaF, the dark
? : membrane potential was litiie changed tut decreases in response ampiituds
5 tould be observed (Figure 12)
o DFP Binding:
3y
& Figure 13 show the radioactivity profile for ROS incubated with H -LF?
~ with and without oprincubaticn with bethanecol. Three major pesaks are
o apparent with approximate molecular weights of 180, 31, and 27
" tilodaltons. The 180 kiledalton peak disappeared in the bethanecol
_ pretreated RUOS. Minor peaks with approximate molecular weights of 83, S0,
:ﬁ 2ty ang 16 kilodaltons also can be cbserved. 0Of the labelled proteins.
dﬁ only the 30 kilodaltisn protein corresponds in melecular weight to protsing
35 areviously 1identified functicnally. an ATF bincing protein of mc.ecula
faf «eight 4348 kilodaltorsil) and a protein kinase of molecular weight S0-53
! kilogdaltons(2) have alresady been describec.
-a: The retina fraction (pellet: (Figure 14) showsd major peais at =3, 32,
b‘ ard 29 ‘kilofdaltons and minor peaks at 79, &3 and 2T kilpdaitons.
’ﬂ. Bethaneccl did not =zlter the labtellirg of any or the proteins in the
as retina +fraction. The retina fraction inevitably retains some 2f the ocuter
Lt segments, hernze labelling of protsine of siariar molecular weight crocadly
4 1s incicative cof this small cecatamination {27-29, 31-32, 35-29 wiicoeiton
; peaksl.
i
:2 Rod Uuter Segment Riochemistry:
B
"% he effects or KF on the association cf the BBF with RGS amembranes are
shown 1n Figure 1Ss and 1SB. Figure !'Sh demcnstrates th:at incubaticr of
) dark sdzpted RGS rembranes with bufter .containing KF at variogus
h concentrations  folicwed by centrifugation, results 10 a concentratics
i d dependent relszsel(lanes 35-g) of CBF. By contrzst, buffer alone, 10 uM
o4 SepiNH)lp and 10 uM 577 {(lanss a, h, and i) are relat:vely 1neffactive in
K releasing GoP 4rom the dark amembrane. When bleacred membranesz are
ircubated with flugrige, tne results are strabingly different. Figure 7B
“ shows that :ncubation of Dbleached RIS wmembranes with kF folicwed by
i centritugaticrn, releases onlv emall amounts of 3BF into the supernztanct
8 sclution (lanesz b-g! comparec with SeoiNHip or 37F {lznes t and 1'. The
;Q armounts of 5Bf released uncer these exgeriental tenciticns are :llustirzted
3% :n Figursz 14, Incubatizn of bizzcned mexpranss with <luorize rsleases. at
N rost, cornly 14% of the 2P that can be rzi=zszsec by GpoinMio. ircudatisn of
;;~ Jdark adzpted AJS merbranes with <luoride releass aimost S0% of tne aroiun®
; of 3BF released by Oppi(NHIp in bleach2c membranes., [t aspears that nzif
M marxi1ral relsgaze occurs at L.0G aM fluorice.
Wy
;ﬁ Ssveral previcus studies (2,4, <enowed that the active (capab o1
d activating FPIE) anc 1nactivz cznformations of 35F may be dist.ngu & ov
o their Jdigest:icn cgpatterrns curing limited trypsis orotesiys:s ‘e oYES
At tris technigue t2 eanralyse the cornformzticn o5t ORF relezzed YE,
;2- Figure 17 shows that trypsin digestion of LF-relsased protein 1s tlsr
o to that generated {for the protein with G725 tound. Adter r2iezzz fron
“' the membrane with =2i1ther ¢vF ar GTP.S, t'y‘sxr cigesticn gensrates a o2
;' kilodaiten fragment stable toc further cigecstion By contraet, when SzF 1s
" extractec wiin S7F and then subjected to tryps:r protecliy/sis, nh2
% digestion gproceeds past the T2 i:lodalton =ztage to cererzte ‘racme-t: of
X 22 and 12 Lilcdaltons (data not shgwn:. Thus livitec tryzsin protec.ysts
"
"y
~:
s
W
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indicates that <thes confcrmaticn of BEF waen released by kF 1o the
similar to the “‘active’  conformation ootained with nydrolysis r
BTP analogs. .

To assess the influence of fluoride crn PDE activity, we measured cGMF
hydrolysis in dark adapted ROS membranes exposed to tuffers containing
difterent KF concentrations. Figure 18 <chows that PDc activity is
optimally stimulated, in the dark at 5.0 mM KF, Half mauimal stimulation
appears at about 1.0 mM KF. It is interesting to note that at 10.0 af KF,
enzyme activity is reduced. Inhibition 04 the cataiyt:ic wmolety by
+luorice may be responsible for tris effect ({R. Scrbi, pereanal

armunication’., Similarly adenylate cyclase from rat cerebral cortex is
mavimally s*imulated at 18 mM ¥F, while concentratione above 23 M are

BB

inhibitery (2],

Ta analyse the mechanism By which PFDE is activated by fluoride, we
washed dark adapted ROS membranes with Buffer A containing either Z.3 oM

KC1 2r KF. Tne activity of FJE which (unlike BBP) rema:nz membrans bound
wazs ther assayed in the light. Table 1 shows that YC! washed ROD
penbranes (which contain OG3F} rsgquire the adzition or bTPyS to Jotain
maximal hydrolytic activity. By contrast, HF washed ROS (depleted c+ SEF!
are maximally active without zedition of GTFyE. FLE activitv in KF washed
©53 mesoranes is not altered by the adgition of 677yE (2ata not showni.
PODE  activity in KF washed KOS meabranes was 93-100% of the activity
measurzg in KCL washed membranes in the presence of light ana 3TFyE,
Washing dark RO5 meabranss with KF appears tec remcve &0 1nhibitory
censtraint rormally present on the catalyt:ic moiety ct FIE,

Rzconstitution exfarxnents {R. Sorbi, psrsonal communication) supocrt the
idea that this restraint 1z Zue to the FIDE inhibitar molecuse.

renetration ctudies:

As can be sesn in figurz !9, the first apperznce of [FF on the other s::c2
of the «corn2z is =&t arcund 1d minutes. rt Zsper cid Lrrf
was added to the systenm. :n tigure I ¢ g rent

ccle [FF was adde:s to %tefi system. Ac = - n

the IFF stili perstrates in &hout the s Tiame 1

15 2 slight decrease :n the osverall rate at nigher Concenirations 3t CC.a
OFF,

*  was cetzrmirec that the miin effect of LFF as an inhioitor ot Dhas
zynthecis was due to tne edffgct of fucride reieased from the IFF durinc
1te  hviroiyeis. Tris was zees :n tha2 resualts that fuoraigde couird mrmac the
effects of DFP and that Z-FaM would stimclate tre inhibitory effezt.  Thus
2-FAM  in 1te reaction with DFF probatly displaces fluoride rtrom the LFF to
forn a 2-P&M-DFF coampourd similar to that which resuits frcz tne
reactivatiocn of acet/lcholinesterass, It was important to note howsver
taat DFF by itseif cculg react amg 1nniz:it the reaction in 1 hour whic:
wie too short & time ‘or trne hydroiveic toc become 2ppreciable as ss=en <rcom

re fact tha*t i1ncubziion with Z-FAM had no eféect on this early reacticon,
Thus thesze rezults are censistent with 4he guichk =zfsect resaltiag frorn OFF
Sy 1tse2lf, ana the .onger ef‘fect resuiting fron fiouride releasel Ly tre
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hydrolysis of IFF,
Eiectrophysiology:

Extraceliular recordirg from the amphibian retina in the presence of
DFF resulted in a monotonic decreasze in the amplitude ot the a-wave. This
effect 1is surprising since there is no evidence for the aresance of
acetylcholinesterase in this cell type. The data would indicate that it
is possible that this «class of compcunds may exert deleterious eftectes

through other than the «classical pathway. Exposure to DFP under the
cenditicns employed resulted 1n irreversible decreasee in the a-wave
rssponse. More extencsive testing of differznt DFP concentrations ang

exposur2 periods 2are nscessary te better understand the nature of the
interaction between DFP and tne roc photoreceptor. The tinme course 3f the
gdecay of response emplitudes o0f the retina must be better character:
under normal rscording conditions.

v
7]
m
€

Intraceliular recardinge +frcm rod phectoreceptcrs of retinas superfusec
with ®F indiczte that the eftects of DFF orn the eutraceliuiariy reccrcec
a-wzve da n3t result {from the gereration of +lusride igne by DFF
hvdrciysis. Nog changas were chsarved i1a 1ntraceliular res;D’E
rcds  were obzerved whasn the retina was supertused wiin i t
urnlikely that wmore than uM concentrazions cf $lucride ions could be
seneratesd uncer these experimsntal conditions. 2v ccntrast, changes

1
the aaplituc of tne rod responses were obssrved with 10O mM ¥F in the

o

f[l

superfuszte. Additionai ewperiments are cleariy needec at adc:itiosna: ¢
concentraticons arngd exposure tia td setter gharacterize the efrsozs o+
tlucride anc te begin to ‘fderstar: the celiular sechznlsms whign this 130
mzy afrect. It woulz? alsc t2 useful to attempt to recorc intraceliuiariy
wWwith and without superfuszian with JOFF,

GF® Sinding:

DFF Gbirding studies indiczie that thers are aroteins 1n botn tha suter
seghent and the retina which can ping this molecule. The 1dentity anc
furcticnal gpropertiez of these protsins remain o Se 2lucigates.  Furtner
studies shoulc help to defirns the mechan:isziz 2y which IFF exsrtz 11s
effscte an ret:inal phvysiclcogv. Since OFF zen latel p-oteinz in tre
ratina, autoradicgragn:ic tech-igues to lccalize the OFF binding sites will

K be useful in idartifving tne cell typss atfecteg bv tnis moisculsz. A
e ZCmgarieon cs OFF lecalization with histcchemicai lccalizziicr of
{: cetyicholinestaracse shouls provice zasiticnal evicence that OFF ¢ )
,%ﬁ retabclism ty azting throuch nor-acstyicholinestara =

: rd3itional studies of the =ztorchiametry ©f IFF binding

F‘; preoteine would be uzeful as weil.

;'i Rod Juter Segment Biochemistry:

2 |

L) Incubation of dart adapted FROS membranes with VF contain:ing ouifer
.; results 1n 2 changs i1n the conformation of the 35F such that 1% 18 cap2bus
f} of activating FLE. This chargze 15 e&ist indicated Ls the nf

;,; cencentration-depencent releacse of 4tne proteir trom the RIS membrare arno
g ! tne fect that the tryge:n digection pattern recessies that of tne G5EB7 wicn
q;\ kycdrsiyels resistant anslecg bourc. Since, arn o this stare, tne mroteln 1z
a}: in a2 conformation  cacabie of  activating FLE, 1t appearz that filorade
o‘::

S5

e

rr"
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OFP 1n the Eye -3-
A )
i
; activation of FDE s mediated Gty the GEF. iz ide2 is suppo-ted by
2& reconstitution experizents which cheow that the fiuuride splubilized oBP

A can be added back to dark adapted ROS membranes and activate the enzyme
' (R. Sorbi, personal cemmunicaticna.

K Both flugride and gquanine nucleotides release the @&BP 4from RQE
iy meuwbranes. However, fluoride releases the protein most efficiently 1n
- dzrt. ROS aembranes while guanine nucleotides are most =fficiert in
:7 bleacted membranes. Washing dark adaptec KOS membranes after e:iposure t2
¢luoride activates PRE. The mechanism of activation appezsrs to involve

release o0f an inhibitary gpretein from  the catalytic moiety (R. Sarbi,
o personai comaunicationt, A simrlar mechanism was recently demonstrated to

p account for light dependent guanyl nucleotige activaticn of FLE &),
Y However, fluoride activation occurs in dark adapted membranes while guanyl
K naclesotide activation reguires bleaching, Thus, the light deﬂendcn:
e rncdopein/BG3P interaction reguired for guany! nuclecticde activation of FIE
w 15 apparentiy not requirad for fluoride zctivaticn of this znzyme. This
i/ parallels oossrvations made 4or adenylate <cyclacss where hormcne (and
¥, 13 . " . . -
) tormone  receptsrd  is  nct necessary for flucride activaticn of the znivame
?% {9,7). Furthermore, flucride activation of the adenylate cycliase
oy stimulatory G57F binding protein (N J has baen shown to reseable activation
A -~ e . . . .
{‘ Ty @Tf anzloge (@), The tryzsin gigestion esgeriments reportad zbove
i demgnstrate that the GE® relezsed by flucride or §TFyS generate rdentical
ig® . -
;éi oratzolvtic +ragmente and theretcre have similar confcraationz. Since
’QQ photgrecstor Gar can substitute for adenylate <cyclasze GEF in  the
"y activaticn of ithe cataiytic noiety (9), it appears iikely that a similar
3? conformaticn change must occur in  the adenylate cyclase 35F curing tne
b~ 3 ! d
g activation process.
Y . )
Y j Penetratisn studies:

o

zi The results fros the cornea peretraticn studies are consistert with IFF
| seratrating through the cornea in about €-10 minutes. Alsc ahen colg DFF
- was acded tc the sysziem 1o high concentratiocrs, the fact that thz rats was
- slightly smaller seessd to impily that DFF was teing facilitatsz 10 1%s
',ﬁ; transpcrt  through  the cornea. Whetrer gr nct thers 15 a3 sgecited
}&‘ transport praotzin will rscuire firther getaileo szudies.

LY
D '5‘-
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Response Amplitude of a—wave
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Response Ampl'tude of b—wave
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Table 1

PDE Actavaity of KC1 and KF washed KOS Mempranes

Additaions: Activity
(M cGMP/M Rhodcpsin min)
}C1 washed ROS None 24
¥.Cl Washed ROS GTFXYS SS9
KF wWashed ROS None 230
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